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WHAT IS CLAIMED IS: 



1. A method for controlling speed iria^pulse-width-modulation- 
controlled motor powered by a load voltage source, said r^Cthod comprising the steps 
of: 

measuring the motor load voltage; and 
setting a pulse-width-modulation dut^ cycle based on the measured 

voltage. 



2. A method in accordance with Claim 1 wherein said steps are 
sequentially executed and repeated automatically while the motor is in an on state. 

3. A method in accordance with Claim 1 wherein a supply voltage 
supplies the load voltage, said method further comprising the step of diagnosing a 
motor functionality using a difference between the supply voltage and the load 
voltage. 

4. A method in accordance with Claim 1 wherein said step of 
measuring the motor load voltage further comprises utilizing at least one switching 
element to bypass a resistive element. 



unregulated. 



5. A method in accordance with Claim 3 wherein the supply voltage is 

6. A method in accordance with Claim 3 wherein the supply voltage is 



direct current. 




7. A method for controlling speed in a pulse-width-modulation- 
controlled motor powere/ by a load voltage, the load voltage supplied by a supply 
voltage, said method comprising the steps of. 

diagno/ing motor functionality using a difference between the supply 
voltage and the loadi/oltage; and 

switching from motor functionality diagnosis to motor speed control. 
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8 A method in accordance with Claim 7 wherein said step of 
diagnosing motor functionality comprises the step of using a pulse width modulation 
duty cycle of 100 percent. 

9 A method in accordance with Claim 7 wherein said step of 
diagnosing motor functionality using a difference between the supply voltage and the 
load voltage comprises calculating power used by the motor in accordance with: 

\OJ vver AID Reading)- (L ow er _ A I D _Readin gjf_ 

Rsense 

where Upper _AI D _Reading\s the supply voltage measurement, 
Lower _AID_ Reading is the load voltage measurement, and Rsense is a resistance 
between measurement locations for Upper _AI D .Reading** 

Lower AID _ Reading . 

10. A closed loop motor control system, said system comprising: 

a motor; 

a power source; 

a resistive element electrically coupling said motor to said power 

source; 

at least one switching element electrically coupling said motor to said 
power source in parallel to said resistive element; and 

a processor electrically connected to said switching element, said 

processor configured to: 

determine a load voltage; and 

set a pulse width modulation duty cycle based on the 
determined voltage. 

1 1. A closed loop system in accordance with Claim 10 wherein said 
processor further configured to: 
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determine the load voltage while the motor is in an on state repeatedly 
automatically; and 

set a pulse width modulation duty cycle based on the determined 
voltage while the motor is in an on state repeatedly automatically. 

12. A closed loop system in accordance with Claim 10 wherein said 
processor further configured to diagnose motor functionality. 

13. A closed loop system in accordance with Claim 12 wherein said 
processor further configured to diagnose motor functionality using a pulse width 
modulation duty cycle of 100 percent. 

14. A closed loop system in accordance with Claim 12 wherein said 
processor further configured to diagnose motor functionality by calculating power 
used by the motor in accordance with: 

{(Upper _AID_ Reading) - (Lower _AI D _ Reading)^ 

Rsense 

where Upper _AI D _ Reading is a supply voltage measurement, 
Lower _AI D _ Reading is a load voltage measurement, and Rsense is a resistance 
between measurement locations for Upper _AI D _ Reading and 
Lower _AI D _ Reading . 

15. A system in accordance with Claim 10 wherein said power source 
comprises an unregulated voltage supply. 

16. A system in accordance with Claim 15 wherein said unregulated 
voltage supply comprises an unregulated DC voltage supply. 




17. A method for operating a motor configured to operate at a variable 
average speed under pulse-width modulation control, said method comprising the 
steps of: jj 

/nergizing the motor; and 

setting an average speed by superimposing a sweep frequency onto an 
average puls/-width modulation frequency. 
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1£ A method in accordance with Claim 18 wWein said step of 
setting an average speed further comprises the step of setting J average speed by 
superimposing a sweep frequency range onto an average p/se-width modulation 
frequency forming a monotonically increasing waveform. 

JtfC A method in accordance with Clan^ 18 wherein said step of 
setting an average speed further comprises the step o/setting an average speed by 
^ superimposing a sweep frequency range onto an a/erage pulse-width modulation 
y frequency forming a monotonically decreasing waveform. 

A method in accordance w/h Claim 18 wherein said step of 
% setting an average speed further comprises th/step of setting an average speed by 

a superimposing a sweep frequency range on/o an average pulse-width modulation 
I frequency forming a random waveform centered around the average pulse-width 
modulation frequency. 

M. A method in accordance with Claim 18 wherein said step of 
setting an average speed further com/ises the step of setting an average speed by 
superimposing a sweep frequency inge onto an average pulse-width modulation 
frequency forming a monotonicilly increasing waveform with a low value 
approximately 20% below the ave/age and a high value approximately 20% above the 
average. 

p. A metho/ in accordance with Claim 18 wherein said step of 
setting an average speed f Jher comprises the step of setting an average speed by 
superimposing a sweep fiquency range onto an average pulse-width modulation 
frequency forming a r/motonically decreasing waveform with a low value 
approximately 20% beloi the average and a high value approximately 20% above the 
average. 

/method in accordance with Claim 18 wherein said step of 
setting an average Jpeed further comprises the step of setting an average speed by 
superimposing a iveep frequency range onto an average pulse-width modulation 
frequency formir/g a random waveform centered around the average pulse-width 
modulation frequency with a low value approximately 20% below the average and a 
high value approximately 20% above the average. 
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xi. A method in accordance with Claim d wherein said step of 
setting an average speed further comprises the step of sifting an average speed by 
superimposing a sweep frequency range onto an av/age pulse-width modulate 
frequency forming a monotonically increasing waveform with a low value at least 
approximately 5% below the average and a high/value at least approximately 5% 
above the average. / 

A method in accordance /ith Claim 18 wherein said step of 
setting an average speed further comprises /e step of setting an average speed by 
superimposing a sweep frequency range/nto an average pulse-width modulate 
frequency forming a monotonically decr/asing waveform with a low value at least 
approximately 5% below the average Ad a high value at least approximately 5% 
above the average. / 
£3 ip tyji A method in a/ordance with Claim 18 wherein said step of 

5 vCting an average speed further comprises the step of setting an average speed by 
2 ^ superimposing a sweep frequen/ range onto an average pulse-width modulation 
W frequency forming a random /aveform centered around the average pulse- W1 dth 
CO modulation frequency with a \L value at least approximately 5% below the average 

W and a high value at least approximately 5% above the average. 

u 28. A motor/comprising: 

=P a housing/ 

i 1 a statoriounted in said housing, said stator comprising a stator bore; 

a roto/rotatably mounted at least partially within said stator bore; and 

a p/cessor electrically connected to at least one of said stator and said 
rotor, said processor configured to: 

determine a load voltage; and 

set a pulse width modulation duty cycle based on the 
zi determined voltage. 

|r A motor in accordance with Claim 28 wherein said processor 
further c/nfigured to diagnose motor functionality. 
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W. A motor in accordance with Claim 29 Wherein said processor 

further configured to diagnose motor functionality by/lculating power use in 

accordance with: 

{(Upper _AID^ Reading) - (Lowejf_ A/D_ Reading)^ 

Rsense 

where Upper _ A I D _ Reading is a supply voltage measurement, 
Lower _A/D_Reading is a load voltage ^measurement, and Rsense is a resistance 
between measurement locations/ for Upper Al D _ Reading and 

Lower _AI D _ Reading . 




A motor comprising: 
a housing; 

a stator mounted/i said housing, said stator comprising a stator bore; 

a rotor rotatably mounted at least partially within said stator bore; and 

a processor/ectrically connected to at least one of said stator and said 
rotor, said processor configured to set an average speed by superimposing a sweep 



frequency onto an average pulse-width modulation frequency. 

/motor in accordance with Claim 31 wherein said processor 
further configured t/set an average speed by superimposing a sweep frequency range 
onto an average /pulse- width modulation frequency forming a monotonically 
increasing wavefcj 

A motor in accordance with Claim 31 wherein said processor 
further configured to set an average speed by superimposing a sweep frequency range 
onto an ave/age pulse-width modulation frequency forming a monotonically 
decreasing Waveform. 

/ ^ A motor in accordance with Claim 31 wherein said processor 
further co/figured to set an average speed by superimposing a sweep frequency range 
onto an/average pulse-width modulation frequency forming a random waveform 
centereiaround the average pulse-width modulation frequency. 
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A motor in accordance with Claim/31 wherein said processor 
further configured to set an average speed by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a monotonically 
increasing waveform with a low value approxir^Ctely 20% below the average and a 
high value approximately 20% above the averas 

^ A motor in accordance/with Claim 31 wherein said processor 
further configured to set an average speed/by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a monotonically 
decreasing waveform with a low valu/ approximately 20% below the average and a 
high value approximately 20% aboveihe average. 

/ 

yf. A motor in accordance with Claim 31 wherein said processor 
further configured to set an average speed by superimposing a sweep frequency range 
V onto an average pulse-width Modulation frequency forming a random waveform 
\^ centered around the average /ulse- width modulation frequency with a low value 
^ fV? approximately 20% below tM average and a high value approximately 20% above the 
average. / 

y) l / 

Sfc. A motor in accordance with Claim 31 wherein said processor 
further configured to se/an average speed by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a monotonically 
increasing waveform/with a low value at least approximately 5% below the average 
and a high value at least approximately 5% above the average. 

•m 

.297 A motor in accordance with Claim 31 wherein said processor 
further configured to set an average speed by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a monotonically 
decreasing wa/eform with a low value at least approximately 5% below the average 
and a high va/ue at least approximately 5% above the average. 

4&T A motor in accordance with Claim 31 wherein said processor 
further co/figured to set an average speed by superimposing a sweep frequency range 
onto an/average pulse-width modulation frequency forming a random waveform 
centered around the average pulse-width modulation frequency with a low value at 
least approximately 5% below the average and a high value at least approximately 5% 
above the average. 



V 
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M'. A refrigerator comprising: 





a housing; 

a freezer section at least partially withm said housing; 

a fresh food section at least partial within said housing; 

a motor at least partially within/said housing; and 

a processor electrically connected to said motor, said processor 
configured to set an average speed by/uperimposing a sweep frequency onto an 
average pulse-width modulation frequency. 

A refrigerator in /cordance with Claim 41 wherein said processor 
Ufurther configured to set an averag/speed by superimposing a sweep frequency range 
\Tonto an average pulse-width Modulation frequency forming a monotonically 
increasing wavefoon. 

// • * j 

Jk. A refrigerior in accordance with Claim 41 wherein said processor 

further configured to set an /erage speed by superimposing a sweep frequency range 
onto an average pulse-v/idth modulation frequency forming a monotonically 
decreasing waveform. 

A refrigerator in accordance with Claim 41 wherein said processor 
further configured to sit an average speed by superimposing a sweep frequency range 
onto an average pulle-width modulation frequency forming a random waveform 
centered around the Jverage pulse-width modulation frequency. 

J! L refrigerator in accordance with Claim 41 wherein said processor 
further configure/to set an average speed by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a monotonically 
increasing wa Jform with a low value approximately 20% below the average and a 
high value ap/oximately 20% above the average. 



A refrigerator in accordance with Claim 41 wherein said processor 
further conjured to set an average speed by superimposing a sweep frequency range 
onto an Average pulse-width modulation frequency forming a monotonically 
decreasing waveform with a low value approximately 20% below the average and a 
high valuC approximately 20% above the average. 
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ILL 

Al. A refrigerator in accordance with Claim 41 where*h said processor 
further configured to set an average speed by superimposing a sw^ep frequency range 
onto an average pulse-width modulation frequency forming/ random waveform 
centered around the average pulse-width modulation frequ^cy with a low value 
approximately 20% below the average and a high value approximately 20% above the 

average. „ 

J^l j 
M. A refrigerator in accordance with Glaim 41 wherein said processor 

further configured to set an average speed by superimposing a sweep frequency range 

n onto an average pulse-width modulation fre/uency forming a monotonically 

0 increasing waveform with a low value at least Approximately 5% below the average 

^ and a high value at least approximately 5% abdVe the average. 

kfo // 

4X A refrigerator in accordance with Claim 41 wherein said processor 
J&rther configured to set an average speediy superimposing a sweep frequency range 
V onto an average pulse-width modulation frequency forming a monotonically 
n W decreasing waveform with a low value/at least approximately 5% below the average 
and a high value at least approximatel/ 5% above the average. 

^ A refrigerator in/ccordance with Claim 41 wherein said processor 
further configured to set an avera d speed by superimposing a sweep frequency range 
onto an average pulse-width modulation frequency forming a random waveform 
centered around the average pise-width modulation frequency with a low value at 
least approximately 5% below/he average and a high value at least approximately 5% 
above the average. 

%\. A refrigerator comprising: 
a housing:/ 

a freezer/section at least partially within said housing; 
a fresh/food section at least partially within said housing; 
a mc/or at least partially within said housing; and 



a 



configured to: 



processor electrically connected to said motor, said processor 

determine a load voltage; and 
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set a pulse width modulation duty cycle b^sed on the 
determined voltage. 





A refrigerator in accordance with C\jfan 51 wherein said processor 
further configured to diagnose motor functionality. 

6^ / 

A motor in accordance with/Claim 52 wherein said processor 
Qfyrther configured to diagnose motor functionality by calculating power use in 
V ' accordance with: / 



{(Upper AID _ Reading) J- (Lower _AI D__ Reading)^ 

Isense 

where Upper AID Aeading is a supply voltage measurement, 
Lower _AI D _ Reading is a load voltage measurement, and Rsense is a resistance 
between measurement locations for Upper _AI D _ Reading and 
Lower _AI D _ Reading . 
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